The effectiveness of liquid extracts from neem leaf (NLE), wood ash [WAE] and their modified forms (modified neem leaf MNLE) as fertilizer sources for improving soil fertility, growth and yield of garden egg (Solanium melogena L.) was demonstrated. Six treatments were tested, namely neem leaf extract, wood ash extract (WAE), modified neem leaf extract, poultry manure, N P K 15-15-15 fertilizer (NPK) and control (no fertilizer or extract). Results indicated significant increases (P<0.05) in plant height, leaf area, leaf population, number of branches, fruit weight, fruit length, fruit diameter, soil N, P, K, Ca, and Mg, content, and soil acidity under different fertilizer extracts compared to the control treatment. NLE yielded increased plant height, leaf area and stem girth of garden egg by 19.8%, 21.5% and 5% respectively compared to wood ash treatment [WAE]. As compared to NPK, NLE also yielded increased plant height and stem girth, while, NPK yielded increased leaf area and number of branches compared to NLE. Plant height and leaf area increased by 15% and 11% respectively under NLE treatment as compared to poultry manure. For the yield parameters, modified NLE yielded increased garden egg fruit weight, fruit length and fruit diameter by 37.5%, 41.55% and 31.3% respectively as compared to WAE, and fruit weight, length and diameter by 42%, 24% and 12.5% respectively as compared to NPK. When compared to poultry manure, NLE yielded increased fruit weight, length and diameter by 27.7%, 17.6% and 15% respectively. For soil chemical composition, WAE resulted in the highest value of soil pH while the modified NLE yielded the highest values of soil Ca, Mg and O.M(Organic matter). NPK had the highest values of N, P and K but decreased soil pH, Ca, Mg and O.M (Organic matter)., Modified neem leaf extract increased soil pH, Ca, Mg and O.M by 24%, 96%, 96% and 74.4% compared to N P K 15-15-15 fertilizer. This is because NPK fertilizer had highest K/Ca, K/Mg and P/Mg ratio signifying nutrient imbalance which might disturb uptake of K, Ca, Mg and P in soils. Modified neem leaf extract applied at 1200L/ha gave the best results in the growth, yield performance of garden egg and soil fertility improvement. This is a result of its combined nutrient superiority over the sole application of neem leaf, WAEs and poultry manure.
Introduction
Garden eggplant (Solanium melongena L), is a monoecious, woody herbaceous plant belonging to the family of Solanaceae. It is cultivated for its nutritious fruit, which is high in protein, carbohydrates, fibre, calcium, thiamin, ribo-flavin, and ascorbic acid (Tindall, 1965) .In spite of the considerable economic, social and health importance of eggplants, optimum yield cultivation has not been attained in Nigeria due to lack of crop rotation and the absence of fertilizer application, resulting in declining soil fertility and other land degradation factors (Agboola, 1982) .
Efforts aimed at increasing the yield of eggplants using inorganic fertilizer (N P K 15-15-15 (NPK), Urea and others) are limited by high cost, scarcity at the farmers' level and degradation of soil properties due to continuous use (Moyin-Jesu, 2007 ).These problems have led to the introduction of low cost solid organic fertilizers such as wood ash, poultry manure, goat manure and pig manure to achieve sustainable crop production. Adjei-Nsiah et al.2013 reported that application of palm bunch ash increased significantly the soil fertility, growth, yield, plant nutrient composition of garden eggs, pepper and okra while Mohammed and Solaiman.2012 reported the efficacy of organic fertilizers on the growth of Cabbage However, there are major challenges limiting the adoption of organic fertilizers, including the large quantities required for crop growth, and difficulty in delivering the material to the farms. Further attempts aimed at reducing the problems of bulkiness and difficulty in transportation led to the development and use of liquid plant extracts. Beyond the works of Moyin-Jesu (2010) and Moyin-Jesu (2012) who worked on the use of neem leaf [NLE] , wood ash extract [WAE] and their modified forms as pest control in maize and as source of fertilizers for soil fertility improvement, growth and yield of maize and watermelon intercrop while Ivbijaro (1983) used neem seed powder to control pests in cowpea, there is a scarcity of research information on the use of neem leaf extract (NLE), wood ash extracts (WAE) and modified NLE (combination of neem leaf + wood ash) for use in growing garden eggplant.
The objectives of the research are to determine the effects of NLE, WAE, and modified NLE on the growth and yield of garden eggplant, and to determine the effect of these extracts on the leaf and soil chemical composition.
Methods and Materials

Description of the study area
The experiment was carried out at Akure in the rainforest zone of Nigeria in 2006 and was repeated in 2007 to validate the results. The annual rainfall of the area is between 1100 -1500 mm per annum while the temperature is between 26 -32 0 C with 80% relative humidity. The soil is sandy loam oxic paleustalf hyperthemic (Soil Survey Staff, 1999) .
Collection of experimental materials
Wood ash, neem leaves and poultry manure were collected from the Teaching and Research farm of Federal College of Agriculture, Akure while NPK was obtained from Ondo State Agricultural Development Project (ADP), Akure. The seeds of an improved variety of eggplant were obtained from National Institute of Horticultural Research (NIHORT).
2.3
Initial soil sampling and analysis 30 core soil samples were collected randomly at 0 -15cm depth using a soil auger. The samples were air-dried for analysis. The soil pH (1:1 soil/water) and (1:2 soil/0.01M CaCl2) solution was determined using a glass calomel electrode system (Corckford and Nowell, 1956 ) while organic matter was determined by the wet oxidation chromic acid digestion method (Walkley and Black, 1934) .The soil N was determined by the micro-kjedahl method (AOAC, 1970)while available soil P was extracted using Bray P1 extractant, and the extract was developed into Murphy blue colouration and determined on a Spectronic 20 [Bausch and Lomb Spectronic 20 the Bausch Lomb France S.A,Boie Postate 3, F-78320 Les Mesnil Saint Denis, France] at 882um (Murphy and Riley, 1962) .Soil K, Ca, Mg and Na were extracted with a 1M NH40AC pH7 solution, then analyzed with a flame photometer.[Jenway Clinical PFP7, Designed and manufactured by Jenway Ltd Feisted Dunmow Essex CM6 3LB, United Kingdom]. Mg was determined with an atomic absorption spectrophotometer (Jackson, 1958 ).
The exchangeable acidity (H + and Al 3+) was measured from 0.1M HCl extractant by titrating with 0.1M NaOH (McLean, 1965) .Micronutrients (Cu, Zn, Mn and Fe) were extracted with 0.1M HCl (Ogunwale and Udo, 1978) and read on a Perkins Elmer atomic absorption spectrophotometer.
Preparation and application of extracts
NLE was prepared by chopping 10kg of fresh neem leaves using a knife and placing them in a plastic container with 50 litres of water for 14th days. Thereafter, the leaves were carefully removed using of a 2mm sieve to obtain clean NLE. The NLE was diluted at a ratio of 1:1 with water to reduce the concentration of the extract in order to prevent scorching of the plants. WAE was prepared by placing 10kg of sieved wood ash into 50 litres water in a plastic container and thoroughly stirred with a paddle every three days to ensure proper leaching of nutrients. This was continued until the 14th day and the suspension was properly sieved to obtain a clear suspension of the WAEs. The remainder of the wood ash solid components was properly disposed of to prevent environmental pollution. The liquid wood ash was also diluted at a ratio 1:1 with water to reduce the concentration.
Modified NLE was prepared by thoroughly mixing 50% of concentrated NLE with 50% of the concentrated WAE solution, diluting the result at a ratio of 1:1 with water. While poultry manure was collected, air-dried and stacked properly to allow quick mineralization.
Preparation of seedlings
Nursery beds of 6m X 1m each were prepared, tilled, made free from debris and watered until reaching field capacity. Seeds of eggplant (Solanium melongena L) were distributed uniformly and slightly covered with soil. A shed provided shade to prevent scorching. Germination started 5 -7days after sowing. The plots were watered daily in the morning and evening until 5 weeks after sowing . Manual weeding prevented competition from weeds. Resulting eggplant seedlings were transplanted into field plots as described below.
Field experiment
The lands were cleared and ploughedin5m x 5m plots.. Six treatments were applied, namely NLE, WAE, modified NLE, poultry manure, NPK and a control (no fertilizer or extract). Each treatment was replicated four times and arranged in randomized complete block design. The extracts were applied at 1200L/ha or 515.02kg/ha (3L/25m 2 plot), 300kg/ha N P K 15-15-15 and 6t/ha poultry manure.
After 5 weeks in the nursery, the uniformly grown, healthy eggplant seedlings were transplanted to the field at a spacing of 60 X 60cm and watered morning and evening to ensure proper establishment. Hand weeding was performed at 3, 5 and 10 weeks after transplanting. Table 1 shows the original soil properties before planting. The soil pH values were 5.86 (1:1 H2O) and (1:2 0.1M CaCl2 0.01M soil suspension) indicating that the soil was slightly acidic. The % organic matter was below the 3% level recommended for sustainable crop production in South West Nigeria (Agboola and Corey ,1973) .Soil N content was 0.12% which was also lower than 0.15% recommended for crops (Sobulo and Osiname, 1981) .The available P (mg/kg) was 6.20 vs. 10mg/kg which is the recommended level in the zone (Agboola and Corey, 1973) . The exchangeable bases K, Ca, Mg and Na were all lower than the 0.2mmol/kg critical level in South Nigeria (Folorunso et al, 2000) . Table 2 presents the data on chemical composition of the treatments used for the experiment. Among the extracts, modified NLE had the highest values of % N, P, K, Ca and Mg compared to wood ash and NLE (sole forms). The NLE had higher values of % N and % P than WAE while the WAE had higher values of % K, Ca and Mg than NLE. Treatment means within each group followed by the same letters are not significantly different from each other using Duncan Multiple Range Test at 5% level of significance.
Results
3.1Soil chemical composition before planting
Chemical analysis of the extracts used for the experiment
Table2 The chemical composition of the fertilizer solution extracts used for the experiment
Treatments N(%) P(%) K(%) Ca(%) Mg(%) Qty applied Per plot
Qty applied Per hectare
Growth parameters of garden egg under different organic fertilizer treatments
There were significant increases (P<0.05) in the growth parameters of garden eggplant height, leaf area, stem girth and number of branches under different fertilizer treatments compared to the control (table 3) . Among the extracts, MLE increased the plant height, leaf area; stem girth and number of branches of garden egg compared to others. Modified NLE increased the plant height, leaf area, stem girth and number of branches of garden eggplant by 19.8%, 21.5%, 5% respectively compared to wood ash treatment. When compared to NPK treatment, modified NLE also increased the plant height and stem girth. However, NPK increased the leaf area and numbers of branches compared to modified NLE. Also, when compared with poultry manure treatment, modified NLE increased plant height and leaf area by 15% and 11% respectively. However, poultry manure increased stem girth more than modified NLE. The controls yielded the lowest values of plant height, stem girth, leaf area and number of branches. Treatment means within each group followed by the same letters are not significantly different from each other using Duncan Multiple Range Test at 5% level of significance.
Yield parameters of garden egg under different organic fertilizer treatments
There were significant increases (P<0.05) in the yield parameters; fruit weight (kg/ha), fruit length, and fruit diameter under the different fertilizer treatments compared to the control. Among the extracts, modified NLE yielded the highest values for fruit weight, length and diameter compared to the NLE and wood ash (sole) extracts. Modified NLE showed increased fruit weight, length and diameter of 37.5%, 41.5% and 31.3% respectively compared to WAE. , Modified NLE increased fruit weight, length and diameter by 4.2%, 24% and 12.5% respectively compared to NPK, and 27.7%, 17.6% and 15% respectively compared to the poultry manure. The controls showed the lowest values for these parameters (table 4) . 
Discussion
The poor growth and yield performance of garden eggplants under the control treatment is consistent with the fact that the soil is very low in nutrient content. This observation was supported by Moyin-Jesu (2008) who had reported poor growth and yield responses of crops in unfertilized soil. Also, the low values for soil N, P, K, Ca and Mg in the control treatment reflects poor fertility status. Thus, soil fertilization is required for higher crop productivities in the tropics where soils are low in organic matter K, Ca, Mg and Na and high in soil acidity.
The fact that NPK improved the plant height, stem girth, leaf area and number of branches of garden eggplant is consistent with its better soil N and P contents, which are also more readily available for uptake due to their mineralized form. Decreased soil Ca and Mg content under the NPK treatment could be attributed to nutrient imbalance as reflected in high K/Ca, K/Mg and P/Mg ratios inhibiting uptake of Ca and Mg (Folorunso et al, 2000) .Furthermore, the low soil O.M(Organic matter, Ca and Mg in the NPK plot was an indication of low base saturation coupled with sandy loam texture. This would encourage soil erosion and might be responsible for the slight reduction in fruit weight compared to the modified NLE which contained high Ca, Mg and O.M contents and subsequently increased soil fertility for high yields.
The highest value for fruit weight, diameter and length under modified NLE could be attributed to the combined nutrient superiority of P, K, Ca, Mg and N compared to the sole application of NLE or WAE. The positive impact of the balanced nutrient composition of modified NLE translated to higher fruit yield and higher economic returns /profitability for farmers. This hypothesis is supported by Moyin-Jesu (2012) who reported superior performance of modified NLE in maize and water melon intercrop. Also Obeng-Ofori et al (2007) reported garden eggplant fruit yields of 15-20t/ha in Cape Verde and Mauritania, similar to the fruit yield obtained in the research.
The performance of poultry manure in improving the growth, fruit yields and soil properties could be due to the high contents of N and P. Ojeniyi (1984) reported that N and P nutrients are important factors in vegetative growth and crop yields.
The highest value of soil pH under the WAE treatment is attributed to high content of K, Ca and Mg which are good indicators of base saturation in the soils. Consequently this would increase soil pH for release of nutrients such as P and activity of soil micro-organisms. This conclusion is supported by who reported that oil palm bunch ash, wood ash and cocoa pod husk improved K, Ca and Mg nutrients and corrected soil acidity in an Alfisol (USDA soil classification) grown to coffee and maize.
Finally, the uptake of nutrients (N, K, P Ca and Mg) in liquid form from the modified NLE might be responsible for the better garden egg fruit yield performance compared to the poultry manure which is in solid form and must be mineralized with adequate moisture before the nutrient can be taken up by plants.
Conclusion
